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Introduction 

The analysis and study of Electrocardiogram (ECG) 
signals has been a growing topic of interest due to 
its role in diagnosis of cardiac diseases.An ECG signal 
is a graphic record of the direction and magnitude of 
the electrical activity in the heart.It is generated by 
the depolarization and repolarization of the atria and 
ventricles of the heart [1,2]. Every complete cardiac 
cycle is characterized by an ECG signal that consists 
of P-QRS-T waves. A normal ECG signal highlighting 
its main features in terms of its primary waves and 
time intervals is shown in figure 1.The intervals and 
amplitudes defined by its features form the majority 
of the medically useful information in the ECG. 

The ECG signal feature amplitudes and time intervals 
of a healthy normal person are summarized in Table 
1 and Table 2 respectively [3]. The development of 
precise and rapid methods for automatic ECG feature 
extraction is of great importance, especially for the 
examination of long recordings. Hence there is a 
significant amount of research effort paid towards 

the investigation of methods for extraction of ECG 
features containing medical information. 

 

Figure 1:Typical ECG Signal 

A low complexity algorithm for extracting fiducial 
points from ECG signals using Discrete Wavelet 
Transform (DWT) has been presented by 
Mazomenos,Evangelos B. et al [4]. 
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A comparison of six distinct approaches for an EGC 
signal feature extraction has been done by Vaneghi 
et al [5].Their findings showed that the Eigenvector 
method outperformed the other presented 
approaches. 

One of the closest studies to the approach presented 
here is explored by Espiritu - Santo - Rincon et al [6]. 
Similar to this approach, they have devised a 
mechanism for detecting R peaks followed by the 
rest of the signal features. However that method is 
totally based on Wave segmentation. A number of 
other techniques have been proposed in [7] for the 
detection of ECG features. 

Most of the aforementioned  approaches for ECG 
signal analysis were based on the time domain. But it 
is not always optimum to study all the features of 
ECG signals in the time domain. Therefore, the 
frequency domain representation of a signal is 
equally important and its processing is more 
appealing. Current study is inspired by the ECG 
feature extraction algorithm proposed by 
Mahmoodabadi et al. [1] and further conceptualized 
by Muhidin A. Mohamed and Mohamed A. Deriche 
[8].The Daubechies family of wavelet is used for the 
analysis and decomposition of the signal [9].The 
main objective of the current study is the extraction 
of primary features of  de-noised and decomposed 
ECG signals. By 

extracting these primary ECG features, it is thought 
that some fundamental parameters such as the 
amplitudes of the waves 

and their durations such as RR, QRS, and PR intervals 
can be easily obtained which is then used for 
subsequent automatic analysis. 

 

Table 1:Normal ECG wave amplitudes 

 

Table 2: Different performance metrics for ECG 
signal analysing 

METHODOLOGY 

Dataset 

The MIT-BIH Arrhythmia Database is used to validate 
the proposed algorithm. It is a standard and publicly 
available dataset. As the requirements of this paper 
heavily utilizes essential feature extraction from ECG 
signals,MIT-BIH database has been selected on its 
fitness for the role. 

ECG signal feature extraction 

The proposed algorithm is summarized in figure 2. 
The ECG signals recorded are contaminated with 
noise and artifacts. Hence the original signal is first 
decomposed to smoothen through removing the 
contaminating noise and choosing appropriate 
approximation coefficients. The samples are 
transformed into a much lower frequency than that 
of the original signal by the wavelet decomposition 
process which down samples the signals.As a result, 
the details are reduced and QRS complex is 
preserved. Detection is also made much easier with 
reduced details. Then the signal is decomposed up 
to the fourth level after which the R peak detection is 
performed. Detection of R peaks in the down 
sampled approximated coefficients is performed by 
using a threshold which is set to be half the highest 
QRS complex of the down sampled signal. The 
chances of picking a point in the R wave other than 
its peak has led to the inclusion of the next step after 
the R detection (4th block in Figure 2). It can be seen 
in Figure 3 and Figure 4 that the R-peak is not just a 
single impulse peak, but rather multiple points in the 
same peak which satisfy the criteria of being higher 
than the selected threshold value. 

The R-peak detection process is applied on the down 
sampled signal which requires relocating any 
extracted R signal in the original ECG signal 
afterwards. After successfully detecting R peaks, the 
remaining P, T, Q and S waves are determined with 
respect to the detected R peaks.The reconstructed 
signal of a selected MIT-BIH record is shown in figure 
4 . A close observation of the plots reveals that the 
frequency bands are separated and the 
reconstruction of the decomposition coefficients 1 to 
4 are smoother and cleaner as compared to the 
original un-decompsed signal shown in Figure 3. It 
may be noted that as decomposition levels increase, 
there will be less number of samples than the 
original signal due to the down sampling. We can 
see that first reconstructed signal resembles the 
original signal but has exactly one forth the number 
of samples because the signal has been decomposed 
in 4 levels.Similarly,the  2nd level has exactly half the 
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number of samples of 1st level, and the 3rd level has 
exactly half the number of samples of the 2nd level 
and so on. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2:Proposed ECG Feature Extraction 
Algorithm 

 

Figure 3: Original un-decomposed signal 

 

Figure 4: Reconstructed ECG signal from the 4th 
Level DB4 Decomposition 

ECG waves’ Detection 

This approach of the ECG waves detection revolves 
around the R-Peak extraction.Hence, maximizing the 
detection accuracy of this pivotal wave is a 
prerequisite for the accuracy of the extraction. That 
means all other waves of the ECG signal including T, 
P, Q and S waves can be easily located with reference 
to R-peak and with the assumption that wave 
intervals and the duration of the segments are 
known as per tables 1 and 2. The 3rd block of the 
extraction algorithm in Figure 2 encapsulates the R 
peak detection. In this section, this block is further 
expanded to elaborate the actual R peak detection 
mechanism. 

As mentioned, all values exceeding the threshold are 
categorized into a vector called R peaks. As the 
decomposed signals are noise free, the second level 
approximation coefficients are selected for next 
processing operations. Hence, the initial R peaks are 
extracted from the down sampled signal. However, 
the final goal is to detect the R Peaks in the original 
signal. So the strategy here is to first detect the R 
peaks in the down sampled signal and then cross 
verify those points in the actual ECG signal. Since 
fourth level wavelet decomposition is used, the 
detected R waves in the down sampled signal can be 
mapped to the original ECG signal by multiplying 4 
to their location indices. Figure 5 shows the detected 
R peaks in the actual signal and figure 6 shows all the 
detected peaks in the actual signal.The extraction 
procedure for R peak is demonstrated in the flow 
chart given in Figure 7. 

 

Figure 5:Detected R peak in actual signal 
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Figure 6:All the detected peaks 
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Figure 7:R Peak Detection Flow Chart 

RESULTS AND DISCUSSION 

The R peak detection algorithm as portrayed in 
figure 7 has enabled the detection of ECG signal 
features. Figure 6 shows all  the extracted features in 
terms of the P, R and T waves on the original 
undecomposed ECG signal. Most of the clinically 
useful information in an ECG signal is found in the 
intervals and amplitudes described by its features.By 
referring to the digitized data contained in the 
processed database,we can determine the actual 
amplitude.If we take a look at the original ECG signal 
in figure 6, we can see that the amplitude goes to 
almost 600mV.This is much larger than the expected 
physical quantity in millivolts .Equation 1 is used to 
get actual amplitude from the raw data. The ADC 
gain for each record are specified in the information 
header files of the MIT-BIH database. 

Actual amplitude(mV) = Raw amplitude  (1) 

ADC gain          

 Another set of fundamental extracted features are 
the intervals between successive waves and among 
them,the most important of all being the R-R 
interval.With the use of these duration intervals, the 
heart rate of a human can be easily determined. The 
basic concept used in the determination of this 
interval is based on the sampling frequency and the 
number of samples between any two consecutive R 
peaks.After this, the average mean of samples 
between consecutive R peaks was calculated. This 
number is then multiplied by the sampling time to 
obtain the R-R interval of the recorded ECG signal. 

Equation 2 is used for the computation of the R-R 
intervals where Ns is the average number of samples 
between R-R intervals. 

R-R intervals(seconds)=  1  * Ns (2) 

                              Fs 

The final record of declaring a sample to be 
abnormal or normal is based on the deviation of the 
extracted parameter values from the known typical 
ECG values. 

CONCLUSION 

We have described the implementation and 
evaluation of an ECG feature extraction algorithm 
with the use of Daubechies Wavelet in this paper. 
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The original ECG signal is first smoothed by 
decomposing and removing most of the details all 
the while keeping the 4th level approximation 
coefficients.Then the R peaks are then extracted from 
the down sampled clean ECG signal. Following 
this,the R peaks are detected in the original signal 
which enables the positioning of the other peaks (P, 
T, Q and S) with respect to the identified R peaks. 
The proposed wavelet based feature extraction 
algorithm can achieve a high detection performance 
in terms of interval and amplitude extraction from 
recorded ECG signals. 
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